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Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1]. One of the objectives is: 
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.


During RAN1#110 meeting, the following agreements were made:
Agreement 1 (RAN1#110)
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, down-selection at least one alternative from the followings:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt1-2: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/DL TCI state(s) is associated with each CORESET group
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the CORESET group(s)
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET group
· FFS: The UE applies the indicated joint/DL TCI state(s) to a CORESET according to the CORESET group(s) the CORESET belongs to, or the UE applies the indicated joint/DL TCI state(s) associated with the CORESET group(s) in which the beam indication DCI is received to all PDCCH receptions
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
Switching between multi-TRP and single TRP operation is not precluded

Agreement 2 (RAN1#110)
On unified TCI framework extension, at least for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI

Agreement 3 (RAN1#110)
On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, down-selection one alternative from the followings:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· Alt3: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/UL TCI state(s) is associated with each CORESET group. When a scheduling/activation DCI format 0_1/0_2 is received in a CORESET group, the indicated joint/UL TCI state(s) associated with the CORESET group is applied to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· FFS: Details of CORESET group(s)
FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH

Agreement 4 (RAN1#110)
On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection at least one alternative from the followings:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Alt4: Use DCI to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group

In this contribution, we discuss how the unified TCI framework introduced in Rel-17 can be extended to for the multiTRP transmission schemes agreed on in releases 16 and 17. 
Discussion
Unified TCI Framework in Release 17
In NR release 15, the TCI-state (transmission configuration indication) for DL, and spatial relation for UL are signaled per channel/RS. This turned out to be too flexible and wasteful in terms of signaling overhead, mainly because in many cases, the gNB configures the best beam for all UL/DL channels/RSs. Release 16 beam indication aimed at reducing signaling overhead and latency, by using the TCI state of the PDCCH as a “common beam” to be used as the default beam applied to PDSCH/PUCCH/SRS/PUSCH. 

In release 17 NR, for single TRP transmission, a new beam indication scheme, known as the unified TCI (transmission configuration indication) framework, was agreed. The approach was that the indicated TCI state(s) provides one or two spatial directions, and a channel/signal can then be linked to one of these indicated spatial direction. As a result, the TCI state update would be separated from the individual channels, and the TCI state is signalled to the UE instead of a particular channel, as it was in Rel-15. This TCI framework unified beam indication for downlink and uplink by using either:
· Joint DL-UL TCI state when downlink and uplink use the same beam, or
· Separate DL and UL TCI states in the absence of beam correspondence.  


Note that the UE is RRC configured via higher layer parameter unifiedtci-StateType to use either joint TCI states (reciprocity mode), or separate DL and UL states. There was no consensus on dynamic switching between the two configurations. 
For single TRP transmission, the UE is provided with one joint TCI (a spatial domain filter that can be used for uplink and downlink) or a pair of separate DL and UL TCI states through a three-step procedure:

1. First the UE is RRC configured with one list of joint/DL TCI states (joint/DL pool) and one list of UL TCI states (UL pool). These TCI states are referred to as the configured TCI states. The first list of joint/DL states can contain 128 TCI states, and the second list can contain 64 UL TCI states.  
2. In step 2, MAC CE activates a group of TCI states from the two pools. They are activated in the form of a list of 8 TCI codepoints. A codepoint contains 1 or more configured TCI states. An example of a list of TCI codepoints activated by MAC-CE for single TRP transmission when RRC unifiedtci-StateType = joint is:

	Codepoint #
	

	0
	(joint/DL TCI 2)

	1
	(joint/DL TCI 5)

	2
	((joint/DL TCI 8)

	3
	(joint/DL TCI 21)

	4
	(joint/DL TCI 33)

	5
	(joint/DL TCI 4)

	6
	(joint/DL TCI 1)

	7
	(joint/DL TCI 9)



An example of a list of TCI codepoints activated by MAC-CE for single TRP transmission when RRC unifiedtci-StateType = separate is:

	Codepoint #
	

	0
	(joint/DL TCI 1; UL TCI 3)

	1
	(joint/DL TCI 20; UL TCI 7)

	2
	(joint/DL TCI 3; UL TCI 17)

	3
	(joint/DL TCI 9; UL TCI 5)

	4
	(joint/DL TCI 1; UL TCI 8)

	5
	(joint/DL TCI 6; UL TCI 13)

	6
	(joint/DL TCI 11; UL TCI 5)

	7
	(joint/DL TCI 23; UL TCI 9)




3. In step 3, a DCI with either format 1_1 or 1_2 (with or without DL data assignment) uses the 3-bit TCI field to choose one of the activated TCI codepoints and therefore indicate which TCI states to use for downlink and uplink transmission. Those TCI states are referred to as the ‘indicated’ TCI states. 

The DCI with format 1_1 and 1_2 used to indicate the TCI states can be either with or without a DL data assignment. Therefore, we can distinguish between a scheduling DCI and a beam indication DCI, respectively. For the scheduling DCI, the ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI. For beam indication DCI, an ACK/NACK is also reported.  An ACK is reported in a PUCCH after a certain number of slots after the end of the PDCCH reception. In Rel.17 unified TCI framework, indicated TCI is applied after BeamAppTime_r17= {1, 2, 4, 7, 14, 28, 42, 56, 70, 84, 98, 112, 224, 336} symbols from ACK transmission of the beam indication DCI.

The spatial filters indicated by the DCI would apply to all DL and UL signals and channels (unless they are RRC configured not to apply the indicated TCI state); it is applied to:
· all or a subset of PDCCH(s) in a cell, 
· the PDSCHs scheduled by the PDCCH(s), 
· dynamic- or configured-grant PUSCH 
· UE-dedicated PUCCH resources.
· Aperiodic CSI-RS or SRS (limited to certain usage) 

As an example, when the followUnifiedTCIstate is set to enabled in the RRC configuration of the ControlResourceSet, the UE applies the DL only TCI or joint TCI for PDCCH reception on this CORESET. Similarly, when followUnifiedTCIstateSRS is set to enabled, for SRS resource Set, the UE applies the Rel-17 UL only TCI or joint TCI. This parameter may be configured for aperiodic SRS for BM or SRS of any time-domain behavior for codebook, non-codebook, and antenna switching.

Moreover, the TCI state in Release 17 is configured with the following fields:
· additionalPCI: indicates that this TCI state refers to an additional PCI different from serving cell PCI, as configured in ServingCellConfig.
· pathlossReferenceRS-Id: The ID of the reference Signal (e.g., a CSI-RS config or a SS block) used for PUSCH path loss estimation.
· ul-PowerControl: Configures power control parameters for PUCCH, PUSCH and SRS for this TCI state. The field is present here only if ul-powerControl is not configured in any BWP-Uplink-Dedicated of this serving cell.

The unified TCI framework in Release 17 only supports single-TRP operation. Moreover, it is not allowed to configure both Rel.15/16 beam indication and Rel.17 TCI state in the same band. Therefore, Release 18 aims to extending Rel-17 unified TCI framework to the multi-TRP scenario and avoiding having the UE simultaneously manage both legacy and unified TCI beam indication schemes. 

In RAN1#109e, it was agreed:

Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP

This would include the following multiTRP transmission schemes:

1. Single-DCI based multiTRP PDSCH repetition schemes with SDM/FDM/TDM in Release 16
2. Single-DCI based multiTRP PDCCH repetition in release 17
3. Single-DCI based multiTRP PUCCH repetition in release 17
4. Single-DCI based multiTRP PUSCH repetition in release 17
5. Multi-DCI based multiTRP PDSCH NCJT in Release 16
6. SFN-PDCCH/PDSCH in release 17
For a more detailed discussion of the above multiTRP schemes, please check the appendix. 
Extension of the Unified TCI Framework to multiTRP Transmission schemes 
Providing the UE with multiple TCI states for multiTRP Transmission 
In RAN1#110, Agreement 2 (RAN1#110) (see above) was reached. It was agreed that a TCI codepoint can carry up to 4 TCI states. RAN1 can also conclude from the notes in the agreement that a TCI codepoint cannot have more than 2 DL spatial direction; it cannot have more than two UL spatial directions; it cannot have more than two joint spatial directions. This constraint comes from the fact that multiTRP schemes in release 16 and release 17 only support two TRP transmissions.  
The TCI codepoint design should also consider the following 
1. The UE should be able to dynamically switch between single TRP transmission and multiTRP transmission.
2. The UE should be able to know how to update the TCI states indicated to it. 
3. Increasing the diversity of spatial directions activated in the TCI codepoints without increasing overhead, for example the TCI bit field in the DCI. This is useful in dense deployments, where the UE is surrounded by many TRPs.
First for the two TRP transmissions, beam correspondence for example might not apply to both links, but only to one of them (see Figure 1). As a result, the TCI state type (RRC configured in Release 17) should be configured separately for each link.  
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Figure 1: multiTRP transmission with channel reciprocity sustained from only TRP2
The TCI state type (whether joint or separate DL/UL) is indicated on a per TRP basis. Alternatively, we can remove this configuration from RRC for release 18.  
Moreover, in release 17, in the RRC configuration, there are two lists: one configured list of joint-or-DL TCI states and another list of UL TCI states. When the framework is extended to two TRPs, it can still configure the UE with one list of joint-or-DL states and one list for UL TCI states corresponding to all the TRPs. It is also possible to configure per TRP a pair of lists consisting of a list for a joint-or-DL state and one list for UL TCI states. This would encompass the TRPs relevant to the UE multiTRP transmission. 
The UE is RRC configured with either
· Alt 1: one list of joint-or-DL states and one list for UL TCI states corresponding to all the TRPs, or
· Alt 2: a pair of lists per TRP consisting of a list for a joint-or-DL state and one list for UL TCI states. 

For multiTRP transmission schemes in Release 16 and 17, the TRP has the flexibility to dynamically switch between multiTRP transmission and single TRP transmission, depending on reliability and latency requirements, availability of resources given the need to schedule other UEs in the system, and scheduling decisions, etc.
The extended unified TCI framework for multiTRP transmission in Release 18, must preserve Release 17 mutliTRP schemes’ functionality to dynamically switch between single TRP and multiTRP transmission. 
In Release 17, the maximum number of joint TCI states is 128, and the maximum number of UL TCI states is 64. With two TRPs involved, it can be considered to increase the number of TCI states.
Consider increasing the maximum number of joint-or-DL TCI states in the RRC configuration from 128 to 256 and the maximum number of UL TCI states in the RRC configuration from 64 to 128.
Currently the TCI field in the DCI is 3 bits wide. For increased flexibility, we support increasing the number of bits in the TCI field:
Consider increasing the number of bits in the TCI field from 3 to 4. 
Alongside increasing the TCI field in the DCI to 4 bits, further optimization is needed in the TCI codepoint design. In dense deployments, where the UE is surrounded by many TRPs, and in high frequency deployments where spatial filters need to be changed due to rotation and blockage for example in warehouses, the list of activated TCI codepoints should capture, without incurring big overhead, the diversity in spatial directions available for the UE for UL and DL transmissions. Consider as an example the following list of codepoints activated by MAC-CE:
	Codepoint #
	

	0
	(Joint TCI state 1; Joint TCI state 2)

	1
	(Joint TCI state 1)

	2
	(Joint TCI state 2)

	3
	(Joint TCI state 2; Joint TCI state 1)



First, codepoints 0 and 3 should be considered identical and not activated simultaneously. Moreover, in release 16 and 17, the number of TCI states in a codepoint indicates whether it is multiTRP operation or not. Following the same design, TCI codepoint 1 indicates multiTRP operation and codepoints 2 and 3, indicate single TRP operation. But this type of signaling is wasteful given that the same set of spatial filters are used. 
For this reason, we propose to impose either ordering rules on the TCI states in a TCI codepoint,or apply grouping information to the TCI states in TCI codepoint, to associate the TCI states with TRPs to enable both single and multiTRP operation while avoiding signaling redundancy in the activated TCI states. 
Impose ordering rules on the TCI states in a TCI codepoint, or apply grouping information to the TCI states in TCI codepoint, to associate the TCI states with TRPs
A TCI codepoint indicates the spatial directions that can be used for both single TRP and multiTRP operation by the UE.

Updating the Indicated TCI States
In release 17, RAN1 had the following agreements on how the UE updates its indicated TCI states upon receiving a new codepoint. 
RAN1 #105 e Agreement:
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.

One can see that the new TCI codepoint does not overwrite the indicated TCI states of the UE, but only updates the corresponding TCI state. In release 18, the same design principle can be applied. For example, consider the case when a DCI at time m is indicated with a set of TCI states for some DL multiTRP scheme. Another DCI at time n>m, trying to schedule a single TRP scheme for UL should not overwrite the TCI states the UE is using to establish a link with the other TRP for DL. We also think we should also have the option that a DCI with either format 1_1 or 1_2 (with or without DL data assignment) would signal a TCI codepoint to the UE, whose TCI states overwrite the indicated TCI states the UE was using before receiving the DCI. This can be used for dynamic switching between single and multiTRP.  
We propose to RRC configure two types of indicated TCI state updates for the UE:
· Method 1: The signaled TCI codepoint by DCI does not overwrite the indicated TCI states of the UE, but only updates a subset of the indicated TCI states. 
· Method 2: The signaled TCI codepoint to the UE by DCI overwrites the indicated TCI states the UE was using before receiving the DCI.
Supporting multiTRP schemes from Release 16 and 17 
S-DCI based MTRP for PDCCH repetition
In release 17, for the unified TCI framework we have the following:
	CORESET 0
	· if followUnifiedTCIstate is configured, “indicated TCI state” is applied
· Else, reuse Release 15. 

	CORESET (except 0) with only USS and/or CSS type 3
	· Always “indicated TCI state” is applied

	CORESET (except 0) with at least CSS except CSS type 3
	· if followUnifiedTCIstate is configured, “indicated TCI state” is applied
· Else, configured TCI state of CORESET is applied



In RAN1#110, Agreement 7 (see above) was reached. Following release 17 in which the CORESET can be configured with a binary parameter followUnifiedTCIstate, we support Alt1-1. However, we only support ‘whether’ and not ‘which’ in the body of Alt1-1.
We support Alt1-1 (restriction to ‘whether’ with FFS): 
· Use RRC parameter(s) in a CORESET configuration to inform the UE whether the indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET. 
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET
For PDCCH repetition, two PDCCH candidates are linked (associated) with each other, and UE is aware of the linkage before attempting bind decoding so that there is no ambiguity about which candidates are linked. This ensures dynamic switching between single TRP and multiTRP operation. 
S-DCI based MTRP scheme for PDCCH repetition supports dynamic switching between single and multiTRP transmission and is not affected by the TCI framework enhancement
[bookmark: _Hlk115292168]S-DCI based MTRP for PUCCH repetition
In Release 17, a dedicated PUCCH resource in the unified TCI framework, always applies the “indicated TCI state.” Moreover, for s-DCI based MTRP for PUCCH repetition, the PUCCH resource is indicated with multiple spatial relations (FR2) and multiple power control parameters (FR1) via MAC-CE messages. 
In RAN1#110, Agreement 10 (see above) was reached. Following release 17, we support Alt 3. 
For s-DCI based MTRP for PUCCH repetition, we support Atl3: 
· Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group

[bookmark: _Hlk115292533]S-DCI based MTRP for PUSCH repetition
In RAN1#110, Agreement 9 (see above) was reached. Following release 17, we support Alt 2. 
For s-DCI based MTRP for PUSCH repetition, we support Atl2: 
Use PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
S-DCI based MTRP for PDSCH repetition
In RAN1#110, no agreement regarding s-DCI based MTRP for PDSCH repetition was made. However the following proposal was discussed with the main disagreement arising whether to enforce dynamic switching with single TRP or not.  
Proposal 3.B: On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/DL TCI state(s) indicated by DCI/MAC-CE and enable [dynamic] switching between STRP and MTRP operations for PDSCH reception, down-selection at least one alternative from the followings:
· Alt1: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) the UE shall apply to PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Joint/DL TCI state(s) applying to PDSCH reception scheduled/activated by DCI format 1_0
· Alt2: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with and without DL assignment to inform which indicated joint/DL TCI state(s) the UE shall apply to all PDSCH receptions after an application time
· FFS: Detail of the application time
· Alt3: Reuse the existing TCI field in a DCI format 1_1/1_2, i.e., the UE shall apply the joint/DL TCI state(s) mapped to the TCI codepoint indicated by the DCI format 1_1/1_2 to PDSCH reception scheduled/activated by the DCI format 1_1/1_2 if the PDSCH reception is scheduled/activated after the beam application time as defined in Rel-17
· Alt4: Use RRC parameter(s) in a PDSCH configuration in a DL BWP to inform which indicated joint/DL TCI state(s) the UE shall apply to PDSCH reception in the DL BWP
· Alt5: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/DL TCI state(s) is associated with each CORESET group. When a scheduling/activation DCI with DL assignment is received in a CORESET group, the indicated joint/DL TCI state(s) associated with the CORESET group is applied to PDSCH reception scheduled/activated by the scheduling/activation DCI.

In our Proposal 3 in section 2.2.1, we emphasize the needto preserve the functionality of dynamic switching. We do not support any of above  alternatives and we think this issue should be discussed after RAN1 determines how to update the indicated TCI states for the UE. 
For s-DCI based MTRP for PDSCH repetition, study possible alternatives after discussing how to update the indicated TCI states for the UE.
Multi-DCI based MTRP for PDSCH NCJT
Finally, for multiDCI multiTRP PDSCH NCJT transmission where two values of CORESET pool indices are provided, a UE can receive, in a CORESET associated with a CORESET pool index value, a beam indication DCI (DCI format 1_1 or 1_2 with or without DL assignment) indicating a single TCI state codepoint in the corresponding TCI field. Here, the signaling structure is the same as that in Rel-17. Apart from the association to the pool indices, no further enhancement is needed. Therefore, we support Alt2 in Agreement 5. 
On unified TCI framework extension for M-DCI based MTRP, support using the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value (Alt2).
Conclusions
Based on the discussion above, we propose the following:
1. The TCI state type (whether joint or separate DL/UL) is indicated on a per TRP basis. Alternatively, we can remove this configuration from RRC for release 18.  
The UE is RRC configured with either
· Alt 1: one list of joint-or-DL states and one list for UL TCI states corresponding to all the TRPs, or
· Alt 2: a pair of lists per TRP consisting of a list for a joint-or-DL state and one list for UL TCI states. 

The extended unified TCI framework for multiTRP transmission in Release 18, must preserve Release 17 mutliTRP schemes’ functionality to dynamically switch between single TRP and multiTRP transmission. 
Consider increasing the maximum number of joint-or-DL TCI states in the RRC configuration from 128 to 256 and the maximum number of UL TCI states in the RRC configuration from 64 to 128.
Consider increasing the number of bits in the TCI field from 3 to 4. 
Impose ordering rules on the TCI states in a TCI codepoint, or apply grouping information to the TCI states in TCI codepoint, to associate the TCI states with TRPs
A TCI codepoint indicates the spatial directions that can be used for both single TRP and multiTRP operation by the UE.
We propose to RRC configure two types of indicated TCI state updates for the UE:
· Method 1: The signaled TCI codepoint by DCI does not overwrite the indicated TCI states of the UE, but only updates a subset of the indicated TCI states. 
· Method 2: The signaled TCI codepoint to the UE by DCI overwrites the indicated TCI states the UE was using before receiving the DCI.
We support Alt1-1 (restriction to ‘whether’ with FFS): 
· Use RRC parameter(s) in a CORESET configuration to inform the UE whether the indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET. 
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET
1.  S-DCI based MTRP scheme for PDCCH repetition supports dynamic switching between single and multiTRP transmission and is not affected by the TCI framework enhancement
For s-DCI based MTRP for PUCCH repetition, we support Atl3: 
· Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
For s-DCI based MTRP for PUSCH repetition, we support Atl2: 
Use PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
For s-DCI based MTRP for PDSCH repetition, study possible alternatives after discussing how to update the indicated TCI states for the UE.
On unified TCI framework extension for M-DCI based MTRP, support using the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value (Alt2).
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MultiTRP Transmission Schemes Rel.16/17
Single-DCI based multiTRP PDSCH repetition schemes (Rel.16)
A single DCI which is transmitted from one of the TRPs is used to schedule two PDSCH transmissions from two TRPs respectively. The scheduling DCI indicates two TCI states, each corresponding to one TRP. 
SDM:
The first TRP transmits a subset of layers of the transport block while the second TRP transmits the remaining layers, on the same time and frequency resources. Antenna ports from different CDM groups are used to transmit the layers from each TRP, where the first TCI state corresponds to the first CDM group, and the second TCI state corresponds to the second CDM group. Dynamic switching between PDSCH SDM multiTRP scheme and single TRP PDSCH transmission is indicated by using two TCI states in the DCI and using antenna ports from two different CDM groups. 
FDM Repetition schemes (fdmSchemA/B) and TDM repetition schemes (tdmSchemeA and interslot scheme):
Here the two TRPs repeat the same PDSCH transmission either in frequency or time domain. For the time domain, intraslot and interslot repetition are both agreed. While FDM schemes have lower latency, for TDM schemes, the UE only needs to receive one beam at a time which becomes important in frequency range 2 (FR2) with analog beamforming. Antenna ports from the same CDM group are used for the PDSCH transmissions from the two TRPs. 
Switching between these 4 repetition schemes is done via RRC configuration. Moreover, dynamic switching between single TRP, SDM multiTRP scheme, and the repetition schemes is done by whether a single TCI state or two TCI states, and whether DMRS in a single CDM group or two CDM groups are indicated in a DCI format scheduling a PDSCH. 

Single-DCI based multiTRP PDCCH repetition in release 17
For PDCCH repetition, two PDCCH candidates are linked with each other via the higher layer parameter searchSpaceLinking in the search space set configuration. Furthermore, these two PDCCH candidates are configured in different Search Space sets that are associated with corresponding CORESETs. When the corresponding CORESETs have different TCI states, the two linked PDCCH repetitions carrying the same DCI are transmitted on two different beams.
Notice that once UE receives PDCCH configurations, it can identify the linked PDCCH candidates for repetition. Moreover, depending on the configurations for a given UE, it is possible that only some of the SS sets are linked for repetition while other SS sets contain individual PDCCH candidates without repetition. Then the network can dynamically select the linked PDCCH candidates or individual PDCCH candidates for DCI transmission, and hence dynamically switch between single TRP and multiTRP transmission, depending on the reliability and latency requirements. Note that is not supported in this scheme that the PDCCH candidates originate from CORESETs associated with different CORESET pool index values.
 Single-DCI based multiTRP PUCCH repetition in release 17
In Release 17 multi-TRP PUCCH repetition scheme, a PUCCH resource containing UL control information (UCI) can be repeated in a TDMed manner using two spatial relation data per PUCCH resource. When configured with higher layer parameter PUCCH-nrofSlots, the UE repeats the transmission of the UCI with the given PUCCH resource for the specified number of slots. The PUCCH resource is indicated with multiple spatial relations (FR2) and multiple power control parameters (FR1) via MAC-CE messages. Release 17 can support inter-slot repetition and intra-slot repetition. Switching between single TRP amd multiTRP can be done dynamically.  

 Single-DCI based multiTRP PUSCH repetition in release 17
Release 17 enabled TDMed PUSCH repetition toward two TRPs. Both grant-based, mainly single-DCI PUSCH repetition Type A and repetition Type B, and configured grant (CG)- based, both Type 1 and Type 2, PUSCH repetition is supported with two UL beams. For single-DCI based multi-TRP PUSCH repetition, both codebook (CB)-based and non-codebook (NCB)-based PUSCH repetition is supported by indicating two sounding reference signal (SRS) resource indicators (SRIs) and two transmit precoding matrix indicators (TPMIs) (for CB-based PUSCH) in DCI format format 0_1/0_2. The respective SRS resource set is applied for each SRI, which also allows using up to two power control parameter sets. 
Dynamic switching between single TRP and non-CB/CB based multiTRP PUSCH repetition was enabled by introducing a new 2 bit DCI field as follow:  
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields



Spatial- and frequency-domain multiplexing of PUSCH(s) towards multiple TRPs and simultaneous transmission of multiple PUSCHs are not supported.
High Speed Train (HST)-SFN in Release 17
In Release 17 High Speed Train (HST)-SFN, single DCI based multi-TRP PDCCH and multi-TRP PDSCH SFN schemes were introduced. Here the same copy of a PDCCH or a PDSCH is transmitted from two TRPs on the same time frequency resources. It is assumed that TRP specific SSB/TRS/CSI-RS transmissions are transmitted in a non-SFN manner to facilitate more accurate frequency offset compensation. SFN based multi-TRP PDCCH is enabled by a combination of RRC configuration and activation of a CORESET with two TCI states by MAC-CE. For enhanced SFN based multi-TRP PDSCH, it is enabled by both a RRC configuration and indication of two TCI states in a DCI scheduling the PDSCH.  Dynamic switching between SFN based multi-TRP PDSCH and single TRP PDSCH is supported.  
MultiDCI multiTRP PDSCH NCJT in Release 16
This was introduced to support scenarios with nonideal backhaul between the TRPs, and each TRP schedules a PDSCH using its own DCI. Therefore, for multi-DCI based NC-JT, two PDSCHs can be scheduled simultaneously with two PDCCHs and the two PDSCHs can be fully, partially, or non-overlapping. To handle the HARQ feedback, the CORESET pool concept was introduced. In the RRC configuration, the two TRPs are implicitly represented with two different control resource set (CORESET) groups, each of which is identified by the value of RRC parameter CORESETPoolIndex. The feedback for any received PDSCH that are associated with the same CORESET pool will feed back their HARQ A/N in the same PUCCH. Subsequently, it was decided to also activate TCI states for PDSCH per CORESET pool, so only one TCI state can be indicated in a DCI scheduling a PDSCH.
Older Agreements
Moreover, during RAN1#109e meeting, the following agreements were made:
Agreement 1 (RAN1#109e)
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 

Agreement 2 (RAN1#109e)
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 


Decision: As per email decision posted on May 20th,
Agreement 3 (RAN1#109e)
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement 4 (RAN1#109e)
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 (approved on May 24th, see below).

Agreement 5 (RAN1#109e)
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI


Agreement 6 (RAN1#109e)
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.
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